Correlates of prenatal physical activity can inform interventions, but are not well-understood. Methods: Participants in the Pregnancy, Infection, and Nutrition 3 Study were recruited before 20 weeks gestation. Women self-reported frequency, duration, and mode of moderate and vigorous physical activities. We used logistic regression to identify correlates of any physical activity (≥10 minutes/week of any mode), any recreational activity (≥10 minutes/week), and high volume recreational activity (either ≥150 minutes/week of moderate or ≥75 minutes/week of vigorous). Our analysis included 1752 women at 19-weeks gestation and 1722 at 29 weeks. Results: Higher education, white race, and enjoyment of physical activity were positively correlated with all 3 outcomes. Any recreational activity was negatively associated with parity, body mass index, and history of miscarriage. The associations of history of miscarriage and body mass index differed at 19 weeks compared with 29 weeks. Single marital status, health professional physical activity advice, and time for activity were associated with high volume recreational activity only. Conclusions: Correlates of physical activity differed by mode and volume of activity and by gestational age. This suggests that researchers planning physical activity interventions should consider the mode and amount of activity and the gestational age of the participants.
Recreational physical activity is considered beneficial for pregnant women by both the American College of Obstetrics and Gynecology (The College) and the United States (U.S.) Department of Health and Human Services. 1, 2 Despite these recommendations, many pregnant women are not physically active. 3 Moreover, among active women, the intensity and duration of recreational activity tend to decline during pregnancy. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Low levels of physical activity may lead to higher weight gain, 18 and excess weight gain during pregnancy may be related to higher body mass index in the long term, even 15 years later. 19 To design and target interventions for maintaining or safely increasing activity during pregnancy, it is useful to understand factors that are correlated with physical activity during pregnancy.
The factors correlated with physical activity during pregnancy are not well understood. Studies have been small (N = 25-74), 5, 6, 12, 13 limited to a comparison of all pregnant women to nonpregnant women, [20] [21] [22] or measured recreational activity at one time point during pregnancy, 7, 10, 12, [20] [21] [22] [23] [24] which precluded assessment of whether correlates vary over the course of pregnancy. Measurements of physical activity have not always included frequency, intensity, duration, and type, nor have they allowed the women to enumerate all their physical activities. In addition, some potentially important correlates have not been investigated, including psychosocial characteristics and barriers to physical activity.
Physical activity includes recreational activity, which is elective and usually the most amenable to change, as well as more obligatory forms of activity such as occupational, household, and transportation activities. The correlates of recreational activity may differ from those of other modes of physical activity. If time and energy are limited, recreation may decrease in pregnancy, while nonrecreational physical activity may be more likely to remain constant. 4, 5 To understand the characteristics that are associated with physical activity we undertook an analysis of moderate and vigorous physical activity during pregnancy. Our aim was to identify characteristics that were associated with total moderate or vigorous physical activity and recreational activity at 2 different time points during pregnancy.
Methods

Study Participants and Protocol
Participants in the Pregnancy, Infection, and Nutrition 3 (PIN3) Study were recruited before 20 weeks gestation between January 2001 and June 2005 from the University of North Carolina prenatal care centers in Chapel Hill. Women were excluded if they were less than 16 years of age, did not speak English, did not plan to continue care or deliver at the study site, had multiple gestations, or did not have access to a telephone from which they could complete phone interviews. The PIN3 cohort included 2006 pregnancies, with some women contributing up to 3 pregnancies. We limited our analysis sample to the first study pregnancy for each woman, leaving 1875 pregnancies. Women who were eligible and recruited were more likely to be older, non-Hispanic white, married, and more highly educated than those eligible and not recruited. This study was approved by the Institutional Review Board at the University of North Carolina, and informed consent was provided by all participants.
Participants provided access to their medical records and completed 2 telephone interviews to assess physical activity patterns and other characteristics; 1 interview was administered between gestational weeks 17 and 22 (mean/ median = 19 weeks, referred to as the "19-week interview") and the other between weeks 27 and 30 (mean/ median = 29 weeks, "29-week interview"). Women also completed 2 self-administered questionnaires between gestational weeks 15 and 20 and again between weeks 24 and 29 which provided data on psychosocial measures. Of the 1875 women, 76 indicated that their physician advised them to refrain from physical activity at some point during pregnancy, 25 24 dropped out, 22 lost their pregnancy and 1 discovered she was carrying multiples, this left 1752 women in our analysis at week 19. After the 19-week interview but before the 29-week interview, 2 women discovered they were carrying multiples, 13 pregnancies ended, and 15 women dropped out of the study. This left 1722 pregnancies for analysis at 29 weeks.
Outcomes
At both phone interviews women were asked to describe their physical activities in the past week. Each woman was asked, "In the past week, did you participate in any recreational activity or exercise, such as walking for exercise, swimming, or dancing that caused at least some increase in breathing and heart rate?" If she answered "yes," she was asked "What type of recreational activities did you do during the past week?", "How many times in the past week did you [activity]?", "On average, for how many minutes or hours did you usually [activity] at a time?", and "Thinking about your breathing and heart rate, how hard did this usually feel to you (fairly light, somewhat hard, or hard/very hard)?" The same series of questions was asked for other types of activity, including occupational activity, household activity (indoor and outdoor), child or adult care activity, and transportation activity (ie, biking or walking to work).
Evidence for validity and reliability of the questionnaire were previously assessed among pregnant women. 26 To assess concurrent-related validity, 177 pregnant women kept a structured diary and wore an accelerometer (ActiGraph) for 1 week. At the end of the week, they completed the physical activity questionnaire over the telephone. Comparison of the questionnaire to the structured diary was moderate to substantial (Spearman correlation coefficient 0.47-0.69) for moderate or vigorous physical activity. Comparison of moderate-tovigorous physical activity from the questionnaire to the accelerometer ranged from 0.28 to 0.34 using perceived intensity (hours/week).
To assess evidence for test-retest reliability, 109 pregnant women completed the questionnaire twice over the telephone, within 48 hours apart, recalling the same time period. 26 Test-retest reliability was moderate to almost perfect for moderate-to-vigorous physical activity, with the intraclass correlation coefficients ranging from 0.56 to 0.82.
Three outcomes were of interest in this analysis and each one was assessed at 19 weeks and again at 29 weeks of gestation. Our outcome measures included only moderate or vigorous intensity activities (we did not consider light or very light activities). First, we defined a dichotomous outcome that encompassed all modes of physical activity. Women who performed a total of at least 10 minutes of moderate ("somewhat hard") to vigorous ("hard/very hard") physical activity in the past week met the criteria for any physical activity. Second, women were categorized as performing any recreational activity if they reported at least 10 minutes per week of "somewhat hard" or "hard/very hard" recreational activity.
Third, we explored higher levels of recreational activity. Women were classified as performing high volume recreational activity if 1) they reported "somewhat hard" recreational activity for at least 150 minutes/ week, 2) they reported "hard/very hard" recreational activity for at least 75 minutes/week, or 3) the sum of their "somewhat hard" minutes/week and twice their "hard/ very hard" minutes per week was at least 150 minutes/ week. We also examined correlates of the minutes of recreational activity as a continuous outcome. Associations were similar to high volume recreational activity, and thus are not presented here.
Correlates
The correlates we considered are listed in Table 1 and were grouped into the following categories: sociodemographic, behavioral, reproductive history, current pregnancy, psychosocial, and barriers/external influences. Income was expressed as a percentage of the 2001 poverty level. Prenatal care use was assessed in 2 ways, as month of initiation and as observed versus expected number of visits and categorized according to Kotelchuck. 27 Maternal psychosocial health was characterized by state-trait anxiety (based on the State-Trait Anxiety Inventory 28 ), perceived stress (Cohen Perceived Stress Scale 29 ), and depressive symptoms (Center for Epidemiologic Studies Depression (CES-D) Scale 30 ). The 14-item perceived stress scale was administered at 19 weeks and the 10-item scale was used at 29 weeks. We assessed exercise self-efficacy and enjoyment of physical activity for women interviewed later in the study period, after these questions were added to the second phone interview (11/2003) . More details on these items can be found elsewhere. 31 
Analysis
Characteristics associated with inclusion in the complete case analysis were assessed with chi-square statistics. We used logistic regression models to explore correlates of physical activity, estimated with generalized estimating equations 32, 33 and a compound symmetric correlation 34 to account for the dual measurements per woman. Exposures measured at each interview were treated as time-dependent. We did not find evidence of endogeneity (correlation between 19-week outcomes and 29-week correlates). We used backward selection to obtain the most parsimonious model. Variables with a P-value of less than 0.2 were retained in the model. Interactions with time were evaluated for all predictors and retained if P < .1. A smaller P-value cutoff was chosen for interactions to avoid over-stratifying the models.
The number of women in the final models depended on which variables were in the model. To determine the sensitivity of our models to the missingness of excluded variables, we reran the final models including only women who were not missing for any of the variables in the full model, before backward selection (complete case analysis). All 3 of our models began with the same set of correlates. We considered a > 10% change in odds ratio for any exposure to be important. To avoid overinterpretation due to multiple testing we considered P ≤ .03, rather than 0.05, to be statistically significant. We used SAS software, Version 9.2 of the SAS System for Windows for all analyses.
Results
Descriptive characteristics of the study population are shown in Table 1 . The characteristics of the women included in the complete case analysis are also shown. Inclusion in the complete case analysis was less likely for women who were 25 years of age or less, AfricanAmerican, single, of low income, at the extremes of body mass index (BMI), multiparous, had less than a high school education, smoked, had a high perceived stress score, a higher depressive symptom score, at least 1 child over age 5 in the house, or who did not report having a partner (P < .0001 for all comparisons). Inclusion was also less likely for women who were unemployed, interviewed during the spring or fall, scored adequate or less on the prenatal care initiation index or adequate plus on the prenatal care use index, took a vitamin less than daily, did not engage in outdoor activity, had high state or trait anxiety, or had previously given birth preterm (P ≤ .01 for all comparisons). None of the other variables in Table 1 were associated with inclusion in the complete case analysis. Figure 1 presents the correlates for each of the physical activity outcomes. Point estimates and confidence intervals are shown for variables that were retained in the final models. Variables with no odds ratio presented were not selected (P > .2) for that outcome. If an interaction with time was significant, odds ratios and point estimates are presented separately for each time point.
Correlates of Any Physical Activity (Figure 1, Panel A)
Women of other races were less likely to perform any physical activity compared with white women [odds ratio (OR) 95% Confidence Interval (CI): 0.6 (0.5, 0.9)]. Lower education was associated with lower odds of engaging in any physical activity. Higher perceived stress score was associated with any physical activity [17-24 vs. <17 OR (CI): 1.4 (1.1, 1.7) and >24 vs. <17 OR (CI): 1.7 (1.4, 2.2)]. Women who were least confident that they could exercise more were more likely to engage in any physical activity. Lower reported enjoyment of physical activity was associated with lower odds of any physical activity ["not at all enjoyable/don't know" vs. "very enjoyable" OR (CI): 0.3 (0.2, 0.6)].
One estimate changed by more than 10% from the presented model to the complete case analysis: partner support "none" from 0.87 to 0.97 in the complete case analysis (11%).
Correlates of Any Recreational Activity (Figure 1, Panel B)
Other race women were almost half as likely and AfricanAmerican women were about three-fourths as likely as white women to perform any recreational activity. Women with a high school education or less were one-third as likely as women with some graduate school education to perform any recreational activity. Women who were employed had 0.6 times the odds of women who were not employed of performing any recreational activity (CI: 0.5, 0.8). Women who were lean prepregnancy were slightly more likely to perform any recreational activity at 19 weeks, while women who were overweight or obese 137 (8) 133 (8) 84 (7) 73 (7) * Missing <10%. † Missing 10 to <20%. ‡ Categorized using Institute of Medicine cutpoints. 18 § Missing 20-30%.
** This question was added to the first telephone interview part way through the study (11/03), thus only some of the participants have information for this question. Percentages were calculated among those interviewed after this date (N = 613). † † These variables were examined in separate models because they were added to the questionnaire later. They were not involved in the model selection process, thus there was no complete case analysis for these variables. Parous women were much less likely than nulliparous women to perform any recreational activity [parity = 1, OR (CI): 0.4 (0.3, 0.6); parity ≥ 2, OR(CI): 0.3 (0.2, 0.5)]. However, women with 2 or more children over age 5 in the household were 3.5 times as likely as women with no children to perform any recreational activity at 29 weeks (CI: 1.8, 6.6). Women with a history of miscarriage were about three-quarters as likely as women without such a history to perform any recreational activity at 19 weeks, but groups were similar at 29 weeks. Partner support was positively associated with any recreational activity. Women who reported lower levels of enjoyment of physical activity were much less likely to perform any recreational activity.
One association changed by more than 10% from the presented model to the complete case analysis: the estimate for > 250 min/wk of child/adult care activity changed from 4.5 to 4.0 in the complete case analysis (12%).
Correlates of High Volume Recreational Activity (Figure 1, Panel C)
Single women were 1.7 times as likely as married women to perform high volume recreational activity (CI: 1.1, 2.5). Education was positively associated with the performance of high volume activity. Women who did not use alcohol were 0.7 times as likely as women who did report alcohol use to perform high volume recreational activity (CI: 0.5, 0.9). At 29 weeks, women who reported any transportation activity were 1.8 times as likely as women who did not report transportation activity to perform high volume recreational activity (CI: 1.1, 2.9).
Parity was negatively associated with high volume recreational activity. Women who reported that a health professional advised them to change their physical activity pattern were 1.5 times as likely as women who did not receive such advice to perform high volume activity (CI: 1.0, 2.0). Compared with women who reported being able to take time for recreational activity "all of the time," women who reported less time were 0.7 times as likely to perform high volume recreational activity ("some of the time," CI: 0.5, 0.9; "none of the time," CI: 0.3, 1.8). Also similar to any recreational activity, enjoyment of physical activity was strongly associated with the performance of high volume recreational activity.
The estimates that changed from the presented model to the complete case analysis were, >100 min/wk of indoor activity at 29 weeks from 1.24 to 1.00 (19%) and change in depressive symptom score: "increase" from 0.94 to 0.82 (13%).
Discussion
We have identified characteristics related to total and recreational physical activity across pregnancy. These characteristics may be useful in defining population subgroups for intervention. Moreover, intervention tailoring may improve the effectiveness of physical activity interventions. 35 Further research could determine if the correlates identified here are effective for tailoring physical activity interventions.
Some characteristics were strikingly consistent across outcomes and may inform interventions aimed at physical activity during pregnancy, regardless of mode. For example, women of higher education were more likely to be physically active no matter how activity was measured, which is supported by the literature. 7, 20, 21, 24, [36] [37] [38] Women of white race were consistently more likely than other race women to perform any category of physical activity and more likely than African-American women to perform recreational activity. Previous studies of pregnant women have reported similar findings. 15, 21, 22, 24, 39 Enjoyment of physical activity was a strong correlate of all 3 physical activity outcomes. While intuitive, to our knowledge this has not been reported previously among pregnant women. Focus groups conducted among pregnant women suggested that the most common barriers to physical activity during pregnancy were primarily intrapersonal, including time constraints and lack of energy or tiredness. 25 Women may have to find physical activity very enjoyable to overcome these barriers. It is possible that by exposing pregnant women to different types of physical activities, they may be more likely to find something they enjoy and be physically active during pregnancy.
Some characteristics were associated with recreational activity specifically and may inform interventions that are targeted to that mode of physical activity. Employed women were less likely to perform recreational activity, while in previous studies employment was not associated 9 or was positively associated. 37 In agreement with one study, 22 history of miscarriage was associated with any recreational activity (and in a similar direction for high volume recreational activity). The association was negative at 19 weeks, but positive at 29 weeks. We hypothesize that once the risk period for miscarriage has passed women are more comfortable with participating in recreational activity. Similarly, in 2 previous studies women who received fertility treatments were less likely to be active in early pregnancy. 16, 17 Similar to previous studies, parous women were less likely to perform recreational activity; 10, 16, 22, 24, [37] [38] [39] however, women with children in the household older than age 5 were more likely to perform recreational activity. Adding maternal age or the number of children in the household who were younger than 5 back into the final model did not change the estimates for parity (data not shown). In addition, women who performed child/adult care activity were more likely to perform recreational activity. Thus it is not entirely clear what parity represents, as its association with recreational activity exists despite control for these related factors. In one focus group participants reported having children to look after as a barrier to being physically active, 40 thus the availability of child care may be involved in these associations.
Differences in predictors between any and high volume recreational activity may be informative for interventions seeking to increase recreational activity levels. Single marital status and health professional advice were associated with high volume recreational activity. Both marital status 16, 21, 37 and health professional advice 9, 12, 37, 40 have been inconsistently associated with physical activity. Women who reported having time for recreational activity were more likely to perform high volume recreational activity. Lack of time has been previously reported as a barrier to physical activity. 12, 40, 41 It is possible that women are able to incorporate small amounts of recreational activity into their lives, but they feel they do not have time for higher levels of activity.
Interventions may need to be time dependent. As previously described history of miscarriage has a timedependent association with recreational activity. Similarly, overweight and obese women were less likely to engage in any recreational activity, but only at 29 weeks. This suggests that interventions to increase recreational activity in overweight or obese women may be more important later in pregnancy. We did not observe the same associations for high volume recreational activity, however, our activity measures were based on perceived intensity and moderate or vigorous activity may not be difficult to achieve in an overweight or obese woman. Previous studies have found lower levels of physical activity during pregnancy among women who were overweight. 22, 36, 38, 42 Several factors were not associated with physical activity in the multivariable models although they have been associated in previous studies, these include age, [20] [21] [22] 24, 36, 39 higher income, 21, 37, 39 and nonsmoking. 21, 24 One other study has reported no association with age in a multivariable analysis. 37 It is possible that these associations are being explained by the other correlates included in our adjusted models. 
Limitations
To improve interpretability and create parsimonious models we have performed model selection based on a P-value cut-off. Model selection may introduce bias since small associations are less likely to reach significance and variables that are significant may be overestimated. 43 We have also measured physical activities by self-report. Women may tend to over-report their activities due to the perceived desirability of being active, or they may not accurately recall the activities they performed. However, the low proportion of active women in our data suggests that over-reporting may not be an issue. We examined over 35 potential correlates of activity and performed numerous hypothesis tests. To limit the number of spurious results we have not interpreted any variables with a P-value greater than 0.03. In addition, the women in our study, while recruited systematically, comprise a volunteer population which may limit generalizability. We lacked data to assess some characteristics previously associated with physical activity in the literature including, health insurance, 15 multiple gestations, 22, 42 pelvic girdle pain, 42 and prepregnancy activity. 10, 23, 24, 36, 42, 44 The definition of "high volume recreational activity" resembles recommendations for activity during pregnancy supported by several professional societies. However, definitions of these recommendations for research are difficult. 1, 2, 45, 46 The College recommends that ". . . an accumulation of 30 minutes or more of moderate exercise a day should occur on most, if not all, days of the week." 1 Similarly, The Society of Obstetricians and Gynecologists of Canada recommends participation in 4 30-minute exercise sessions per week at a moderate intensity. 46 Both of these recommendations specify exercise (not all physical activity) and only include moderate intensity activity, not vigorous. The current U.S. Health and Human Services recommendation is similar to The College's recommendation, but is not limited to exercise. 2 The position of the Royal College of Obstetricians and Gynecologists resembles the Canadian guideline but includes 4 to 7 sessions per week and acknowledges that ". . . regular exercisers before pregnancy should be able to engage in high intensity exercise programmes . . ." 45 . However, they do not specify an amount of high intensity exercise.
Conclusions
This study had the advantage of a large population of women and detailed assessments of their physical activities. Several important and novel characteristics were measured including psychosocial variables and potential barriers to recreational activity. We found several previously unreported correlates of recreational physical activity in pregnancy. We also found that several associations changed between 2 time periods during pregnancy. This implies that physical activity interventions during pregnancy should change over gestation. This analysis identifies new avenues for investigation into encouraging women to be active during pregnancy.
